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body weights (BW) (~150 kg) for the manufacture of high-quality dry-cured products (López-Bote, 1998) . Recently, free-range rearing systems have received worldwide attention due to environmental sustainability, social benefits of the sector and increasing consumer interest in organic and natural pig production (Pugliese, Sirtori, & Franci, 2013) . However, this traditional system is not always feasible, since the availability of natural resources (e.g., acorns and pasture) is limited and largely influenced by environmental factors (Ventanas, Tejeda, & Estévez, 2008) . Therefore, AL pig producers are increasingly using a semi-extensive system, in which animals reared outdoors are fed with balanced mixed diets (with no growth promoters and antibiotics) and native pastures, and slaughtered at 90-110 kg BW. This system, based on the consumer's preference for meat and dry-cured products of pigs reared outdoors, lead to a reduction in the duration and cost of the production cycle.
Dietary fat and its influence on pig fat tissues have been studied for many years. First as an important energy source, second because of its implications in meat characteristics and quality, and more recently due to its FA composition implications in human health (Duran-Montgé, Realini, Barroeta, Lizardo, & Esteve-Garcia, 2008 ). An appropriate ratio of saturated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) should be maintained to assure pork superior eating and nutritional quality (e.g., Lebret, 2008; Wood et al., 2008) . Adipose tissues of AL pigs own a healthier lipid profile due to rich quantities of oleic acid (Cava et al., 1997; López-Bote, 1998 ) and lower contents of SFA than commercial breeds (St. John et al., 1987) . On the other hand, pigs are very susceptible to tissue FA alterations through diet modifications (Miller, Shackelford, Hayden, & Reagan, 1990; St. John et al., 1987) . Dietary FA manipulation to change pork composition to be more consistent with human dietary guidelines (see Amine et al., 2002) has been explored by several authors (Hocquette et al., 2010; Mas et al., 2012; Ventanas et al., 2008; Wood et al., 2008) , namely by increasing dietary MUFA (e.g., Miller et al., 1990; St. John et al., 1987) .
This can be easily accomplished with oleic acid, who presents a lower risk compared to PUFA of generating lipid oxidation, with adverse effects on meat quality (McClements & Decker, 2008; Wood et al., 2003) .
Pork quality depends on multiple interactive effects including genotype, rearing system, pre-slaughter handling, and carcass and meat processing (reviewed by Lebret, 2008) . Nowadays, the use of oleic-acid-enriched diets simulating the FA composition of acorns (>60% oleic acid, followed by palmitic and linoleic acids at similar concentrations of 16-18%; Rey, Daza, López-Carrasco, and López-Bote (2006) ), associated with outdoor rearing, is one strategy that could be used to obtain meat with higher sensory quality than that from pigs reared indoors with mixed diets (Muriel, Ruiz, Ventanas, & Antequera, 2002; Rey et al., 2006) . Nevertheless, and to our knowledge, data evaluating the effect of oleic-enriched diets and outdoor rearing (with access to pasture) on the quality of AL pork and fat is scarce. Thus, it is important to evaluate the chemical characteristics of m. Biceps femoris, and dorsal subcutaneous fat (DSF), to see whether rearing system and dietary treatment modify their characteristics. Meanwhile, the mechanisms regulating intramuscular fat (IMF) and subcutaneous fat deposition, as well as lipogenic and lipolytic enzymes contribution to the tissue-specific regulation of fat deposition in pigs, remain unclear (Corominas et al., 2013; Li et al., 2011; Shan, Wu, Reng, & Wang, 2009) . Knowledge of these mechanisms could contribute to the identification of candidate genes used to evaluate the effectiveness of genetic selection and/or dietary manipulations (Cánovas et al., 2010; Liu et al., 2015) . So, this study evaluates the effects of feeding diets enriched with oleic acid on m.
Biceps femoris and DSF chemical and nutritional characteristics of AL pigs reared in individual pens or outdoor with access to pasture.
Finally, the relative expression of seven genes and two transcription factors involved in lipid metabolism of Biceps femoris was also assessed.
| MATERIALS AND METHODS
This study was carried out in accordance with the regulations and ethical guidelines set by the Portuguese Animal Nutrition and Welfare Commission (DGAV, Lisboa, Portugal) following the EU Directive 2010/63/EU for animal experiments.
| Animals, diets and experimental design
The design of this study is detailed elsewhere (Martins, Neves, Freitas, & Tirapicos, 2015) . Briefly, female and male purebred AL pigs (n = 30), surgically castrated at ~3 months of age under anaesthesia and additional prolonged analgesia, were used. At a BW of 61.5 ± 0.6 kg (mean ± SEM), pigs were randomly allotted within sex to open-air individual pens (3 m 2 ) (n = 18) and in an outdoor free-range rearing area (3 ha) (n = 12), and distributed by two dietary treatments, a low-oleic (LO) and a high-oleic diet (HO) ( Table 1) . Animals were fed in a single daily meal (09:00 h), at a weekly adjusted daily rate. Diets were individually offered at 85% estimated ad libitum consumption according to the INRA scale (INRA 1984) and the amount of feed given was calculated to provide a similar energy intake in all experimental groups. Animals had free access to water and daily diet refusals and spillage were measured. Animals reared outdoors also had access to natural pastures spontaneously grown in the free-range area during trial (from mid-August to mid-November). Average annual production of these pastures is 1-3 tons per hectare, with 15-35% of this production during autumn-winter, and the remaining production during spring (e.g., Crespo, 2011; Olea & Miguel-Ayanz, 2006) . Four experimental groups were implemented, with pigs reared in individual pens (IND) and consuming LO (n = 9) and HO (n = 9) diets, and pigs reared outdoors (OUT) and consuming LO (n = 6) and HO (n = 6) diets. Outdoor area consisted mainly of flat terrain, slightly hilly in some areas, and with a scattered tree layer. Daily records of minimum and maximum temperatures as well as the relative humidity to which pigs were submitted, were registered.
Pigs were slaughtered at an industrial slaughterhouse at ~100 kg BW. Commercial cuts were performed according to the Portuguese Norm in each left side of the carcass (see Martins, Neves, Freitas, & Tirapicos, 2012) and their weights and those of the belly, lard and perirenal fat were recorded. Finally, samples from B. femoris and DSF were removed from the left half carcasses, vacuum packaged and frozen (−30°C) for biochemical analyses. Samples of B. femoris were also preserved (−80°C) for molecular biology analysis.
| Diet composition
Experimental diets and pasture dry matter (UM 500, Memmert, Schwabach, Germany), total ashes, crude protein (N × 6.25) (Kjeldatherm KB-20, Gerhardt, Bonn, Germany, and Kjeltec Auto 1030 Analyzer, Tecator, Bristol, UK) and neutral detergent fibre were determined as previously described (AOAC 2011). Total lipids were determined in a Soxtherm automatic apparatus (SE416; Gerhardt, Bonn, Germany) and FA were analysed on the lipid extract obtained according to Folch, Lees, and Stanley (1957) . FA samples were identified by gas chromatography (6890 Hewlett Packard GC) in a 30 m × 0.32 mm × 0.25 μm cross-linked polyethylene glycol capillary column (Omegawax™ 320, Supelco 24152), as previously described (Martins et al., 2012) . FA methyl esters (FAME) were identified based on retention time of reference compounds (Supelco cat. n. 47801 and 47885-U) and FA composition was expressed as g/100 g of total FAME identified.
| Muscle and adipose tissue composition
Total protein (N × 6.25) from muscle (2 g) and DSF (1 g) samples were obtained through the combustion method (method 992.15) in a Leco FP-528 (Leco Corp.) and the Kjeldahl method (method 928.08) respectively (AOAC 2011). Neutral and polar lipids were extracted from muscle samples (10 g) according to the method of Marmer and Maxwell (1981) , and total intramuscular lipids calculated as the sum of neutral and polar lipid fractions. Total neutral lipids were extracted from DSF outer (DSFo) and inner (DSFi) layers samples (10 g) according to De Pedro, Casillas, and Miranda (1997) .
FA composition of neutral and polar lipid extracts from muscle and fat tissues were analysed and identified as described in the previous section, and expressed as g/100 g of total FAME identified. Saturation, atherogenic and thrombogenic indexes were calculated as proposed by Ulbricht and Southgate (1991) . Martins et al. (2015) .
| Total
values were determined using the fit-point method and the Applied 
| Statistical analyses
Results are presented as means ± RSD (residual standard deviation).
All data were tested for normality by the Shapiro-Wilk test prior to analysis. Statistical analysis was performed by a two-way ANOVA for rearing system and diet effects with the statistical software Rate) (Benjamini & Hochberg, 1995) was used. Differences were considered significant when p < .05. Probability values between 0.05 and 0.10 were considered to be trends.
| RESULTS
Pigs remained in good health throughout the experimental period.
During this period, OUT-and IND-reared pigs were submitted to average daily mean temperatures and relative humidity of 18.7 and 17.5°C, and 55.0 and 48.7% respectively.
| Muscle and fat chemical composition
The chemical composition of B. femoris was only affected by rearing system. Moisture content was higher in OUT-than IND-reared pigs, while the opposite was observed for total (p < .001), neutral (p < .01) and polar intramuscular lipids (p < .05). Finally, DSF moisture was higher in OUT-than in IND-reared pigs, while total neutral lipids were lower (p < .001) ( Table 2) .
| FA profile of B. femoris and DSF lipids
The most abundant FA present on B. femoris intramuscular neutral lipids of AL pigs was oleic acid (C18:1n-9), varying from 54.2 to 55.2 g/100 g (OUT-LO, and IND-and OUT-HO pigs respectively) of total FAME analysed ( Table 3 ). The same was observed on DSFo (48.6-54.0 g/100 g, from OUT-LO and IND-HO respectively) ( Table   5 ) and DSFi layers (47.2-52.4 g/100 g, from OUT-LO and OUT-HO respectively) ( Table 6 ).
Composition of the major FA of neutral lipids from B. femoris was slightly affected by rearing system and experimental diets. Palmitic acid (C16:0), the second most abundant FA, and oleic acid were not affected by rearing system, but linolenic acid (C18:3n-3) was 145%
higher (p < .001) in OUT-than IND-reared pigs (Table 3 ). However, due to an interaction between rearing system and diet, only OUT-HO pigs presented a significant increase in linolenic acid when compared to the other experimental groups. Experimental diets affected B. femoris oleic acid proportion, which was higher (1.8%, p < .05) in HO-fed pigs (Table 3) . Overall, rearing system and experimental diets did not significantly influenced the sum of SFA, MUFA, PUFA and their ratios, as well as the saturation, atherogenic and thrombogenic indexes in B. femoris. On the other hand, n6 to n3 ratio from pigs reared OUT tended to be lower (−14%, p = .08) than the one observed in those reared IND (Table 3) . Rearing system and experimental diets and linolenic acids (−19%), as well as an increase in oleic acid (11.7%) (p < .001). Overall, OUT-reared pigs presented a reduction in SFA (−2.6%, p = .07), an increase in PUFA (5.2%) and in UFA to SFA (4%, p = .07) and PUFA to SFA ratios (7.7%) (p < .05), as well as a decrease in the n6 to n3 ratio (−25%, p < .001) (Table 4) . Finally, HO-fed pigs also presented a reduction in SFA (−3.9%, p < .01) and PUFA (−4.3%, p = .06), an increase in MUFA (9.6%, p < .001) as well as an increase in the UFA to SFA (6.6%, p < .01) and n6 to n3 ratios (18.6%, p < .001) ( Table 4) .
Composition of the major FA of neutral lipids from DSFo layer was affected by rearing system and experimental diets (Table 5 ). An interaction between rearing system and diet in palmitic and palmitoleic acids led to a higher proportion of both FA in OUT-LO pigs when compared to IND-LO, IND-HO and OUT-HO (palmitic) and to OUT-HO (palmitoleic) ones. Rearing system also reduced oleic acid proportion (−1.7%, p < .05) and increased linoleic and linolenic acids proportions (7.9 and 29.9%, p < .01 and p < .001, respectively)
in DSFo layer of OUT-when compared to IND-reared pigs (Table 5) .
Experimental diets affected DSFo layer stearic acid proportion, which was lower (−21.5%, p < .001), and oleic and linoleic acids proportions, higher (9.1 and 12.4% respectively, p < .001) in HOthan in LO-fed pigs (Table 5) . Overall, OUT-reared pigs presented a lower proportion of MUFA (−2.6%, p < .001) and a higher proportion of PUFA (7.4%, p < .01), leading to a higher PUFA to SFA ratio (6.1%, p = .06). On the other hand, DSFo layer n6 to n3 ratio from pigs reared OUT was lower (−19%, p < .001) than the one observed in those reared IND ( T A B L E 3 Fatty acid profile of neutral intramuscular lipids (g/100 g) of m. Biceps femoris of Alentejano pigs kept on individual pens or outdoors and fed low-and high-oleic-acid diets from 60 to 100 kg BW reduced (−11.3, −26 and −20.2%, respectively, p < .001), while an increase was observed in oleic, linoleic (9.6 and 17.8%, respectively, p < .001) and linolenic acid proportions (7%, p < .05) in HO-when compared to LO-fed pigs (Table 6 ). Overall, rearing system influenced the sum of MUFA, PUFA and the PUFA to SFA and n6 to n3 ratios on DSFi layer (Table 6 ). OUT-reared pigs presented a lower proportion T A B L E 5 Fatty acid profile of neutral lipids (g/100 g) from the outer layer of dorsal subcutaneous fat of Alentejano pigs kept on individual pens or outdoors and fed low-and high-oleic-acid diets from 60 to 100 kg BW of MUFA (−1%, p = .06) and a higher proportion of PUFA (12.1%, p < .001) and PUFA to SFA ratio (13.2%, p < .001). On the other hand, DSFi layer n6 to n3 ratio from pigs reared OUT was lower (−13.8%, p < .001) than the one observed in IND-reared ones, while thrombogenic index tended to decrease (−2.7%, p = .08) ( Table 6 ). Experimental diets significantly influenced the sum of SFA, MUFA, PUFA and the UFA to SFA, PUFA to SFA and n6 to n3 ratios, as well as saturation, atherogenic and thrombogenic indexes from DSFi layer. Pigs fed the HO diet presented a reduction of SFA (−14.2%), and an increase in MUFA (7.7%) and PUFA (16.7%), as well as an increase in UFA to SFA (27%), PUFA to SFA (35.4%) and n6 to n3 ratios (11%) (p < .001).
Finally, saturation, atherogenic and thrombogenic indexes were significantly reduced (−20.3, −17.7 and −21.4%, respectively, p < .001),
on DSFi layer of HO-fed pigs (Table 6 ).
| Gene expression
Normalized arbitrary units of target genes in B. femoris were influenced by treatments (Figures 1 and 2) . Expression of genes related to FA synthesis, ACACA and FASN, was significantly lower (p < .05)
in OUT-than in IND-reared pigs. FASN expression was also lower (p < .001) in HO-than in LO-fed pigs, but SCD expression was not affected by treatments (Figure 1) . Expression of genes involved in lipolysis was only affected by rearing system, with LPL (p < .05) and HSL (p = .06) being higher in pigs kept outdoors (Figure 2) . MCPT1 was not affected by treatments, the same happening to HFABP, PPARA and PPARG expressions (data not shown).
| DISCUSSION
In studies comparing outdoor vs. indoor environments, two confounding factors affect the obtained results: i) the amount of physical activity performed by the pigs and ii) the environmental influences.
Although both can account for the observed differences, they cannot be easily separated (Bee, Guex, & Herzog, 2004 ).
Growth and carcass data from these pigs were discussed elsewhere (Martins et al., 2015) .
Rearing conditions of animals in outdoor systems (e.g., climate, feeding level) seems to be related to muscle composition, particularly lipid concentration. In fact, both similar (Daza et al., 2009) T A B L E 6 Fatty acid profile of neutral lipids (g/100 g) from the inner layer of dorsal subcutaneous fat of Alentejano pigs kept on individual pens or outdoors and fed low-and high-oleic-acid diets from 60 to 100 kg BW LPL in skeletal muscles is activated during fasting and exercise, and hydrolyses the TAG in lipoproteins that transport dietary lipids (Frayn, Arner, & Yki-Jarvinen, 2006; Liu et al., 2015) , to liberate FA that can be taken up by the muscle cell and i) be esterified to form new TAG, and/ or ii) be a substrate for oxidation (Frayn et al., 2006; Tan et al., 2011) .
In this study, OUT-reared pigs presented a 98% higher LPL expression, suggesting that FA uptake in B. femoris was higher in these animals than in IND ones. This increased uptake could have been used as a substrate by HSL, a rate limiting enzyme responsible for hydrolysis of TAG and importing esters of FA to mitochondria for β-oxidation (Peffer, Lin, & Odle, 2005) . In fact, the expression level of HSL was 159% higher in OUT-reared pigs, which could be related to an enhanced lipolysis . On the other hand, FABP3 expression, positively as- Exercise may decrease lipogenic enzymes activity (Fiebig et al., 1998) , and ACC and FAS can modulate fat deposition in animals by regulating cellular FA synthesis (Gao et al., 2010; Liu et al., 2015) . Although lower than the level of increase observed in genes involved in lipolysis, this decrease in ACACA and FASN expressions suggests that rearing system decreased lipogenesis, contributing also for the lower IM lipid deposition in B. femoris. This IM lipid decrease in OUT-reared pigs could also be partly explained by the use of nutrients in thermoregulation rather than for fat deposition (Sather et al., 1997) , correlated to a drop of environmental temperatures (Velazco, Sanz, Barber, & García, 2013) observed outdoors. In fact, during the last 10 days of trial, OUT pigs were submitted to a ~24% reduction in average maximum and minimum temperatures, while IND pigs thrived in similar temperatures (see Martins et al., 2015) . The effects of MUFA-enriched diets on gene transcription are less known than those of SFA and PUFA, and have not been investigated in Iberian (Óvilo et al., 2014) and Alentejano pigs.
When compared to LO-fed pigs, HO-fed ones presented a reduced expression of ACACA and a down-regulated FASN gene (−10 and −65% respectively). This effect of HO diet, with an energy content in the form of lipids much higher than that of LO diet, suggests a decreased de novo synthesis, an endogenous lipogenic pathway that becomes unnecessary when the body's lipid requirements are attained by the diet (Berg, Tymoczko, & Stryer, 2012) . Meanwhile, SCD expression was not affected by the lipid content of diets. The expression and activity of this gene in mammals is known to be repressed in several tissues by dietary PUFA (Benítez et al., 2015; Dannenberger, Nuernberg, Nuernberg, & Priepke, 2014; Doran et al., 2006; Ntambi, 1999) and to a lesser (Jeffcoat & James, 1978; Landschulz, Jump, Macdougald, & Lane, 1994) or no extent (Óvilo et al., 2014) by oleic acid, as well as induced by SFA (Hu, Qing, & Chen, 2004; Ntambi, 1999) . Therefore, the content of these dietary FA and their variations among experimental diets (with a three-fold higher, three-fold lower and ~two-fold higher content in LO diet respectively) may have had opposite effects, contributing to a lack of significant diet effect. Finally, when compared to rearing, diet-mediated effects on gene abundance were reduced. The fact that muscle composition was less affected by this treatment than the other tissues (see below) could reflect an effect at the transcriptional or enzymatic activity levels, as previously observed by Óvilo et al. (2014) .
Meat quality characteristics as juiciness, taste and flavour are positively associated with marbling fat of the AL/Iberian breed (Cava et al., 1997; Hocquette et al., 2010) . IMF content lower than ~2.5% affect these characteristics (Fernandez, Monin, Talmant, Mourot, & Lebret, 1999 ), a minimum value that was not attained in our trial. Finally, IM polar lipids fraction of B. femoris was affected by rearing system. Considered a rather stable fraction (Wood et al., 2008) and mostly formed by phospholipids, which are the main constituents of membrane lipids, the reduction of IM polar lipids in OUT-reared pigs, although difficult to explain, could indicate a slower increase in adipose cell numbers in B. femoris of those animals.
DSF total neutral lipids were also significantly affected by rearing system, decreasing 1.4%. These changes suggest that the abovementioned fat mobilization was not restricted to the muscle tissue. In fact, of the lipids available for exercise, adipose tissue stores represent the first choice in terms of releasing the energy required to support locomotion (McClelland, 2004) .
Neutral FA composition in B. femoris was slightly affected by rearing system and diets. Diet supply of linoleic acid (n6) has a positive influence on its content on fat tissues in pigs (reviewed by Wood et al., 2008 ) but in our trial, although detected in pasture (11.7 g/100 g of total FA identified), it did not increase in B. femoris from OUT-reared pigs. Several authors have previously reported no significant differences in linoleic acid of pigs fed high-content linoleic diets (Andrés et al., 2001; Cava et al., 1997) . Therefore, linoleic acid content of neutral lipids seems to be influenced by other factors than diet, probably related to the regulation of desaturation and elongation of fatty acids (Andrés et al., 2001) and to the muscle studied (Martins et al., 2015) . However, an increase in linolenic acid (n3) content was observed in muscle tissues of OUT-reared pigs, in accordance with the consumption of a linolenic-rich feed (46.8 g/100 g of total FA
identified, natural pastures) by these pigs. This increase, although only statistically significant in OUT-reared HO-fed pigs, is of interest from consumer's health point of view (Wood et al., 2008) , and was previously observed in commercial (Bee et al., 2004; Rey et al., 2001) and Iberian pigs (Andrés et al., 2001; Muriel et al., 2002) . In addition, the lower muscle fat deposition observed in OUT-reared pigs (see Table 2 ) could be related to an increase in n3 PUFA, which appear to have the ability of re-partitioning FA towards oxidation, enhance thermogenesis, thereby reducing the efficiency of body fat deposition (reviewed by Clarke, 2000) . In B. femoris from OUT-reared pigs, this increase in linolenic acid led to a reduction (p = .08) in n6 to n3 ratio, as also observed in L. dorsi and Semimembranosus muscles (Martins et al., 2015) . Feeding animals outdoors on pasture appear therefore as an interesting way to reduce this ratio in pork (Muriel et al., 2002) , a noteworthy effect since high values of this ratio seem to be a prime risk factor for coronary heart diseases (Wood et al., 2008) . Experimental diets also slightly affected neutral FA proportion of B. femoris. As previously observed in commercial (Mas et al., 2010; Miller et al., 1990; St. John et al., 1987) and Iberian pigs (Rey et al., 2006) fed diets rich in oleic acid, HO-fed pigs from our trial presented significantly higher contents of oleic acid when compared to LO-fed ones, a positive feature from a consumer's health point of view (Muriel et al., 2002) . Nevertheless, and as observed in L. dorsi
and Semimembranosus (Martins et al., 2015) , the magnitude of this increase was small (+1.8%) when compared to the ~200% higher oleic acid content in HO when compared to LO diet. According to Wood et al. (2008) , the C16 and C18 saturated and monounsaturated fatty acids interconversions may limit the impact of dietary additions.
Polar FA proportion in B. femoris was affected by rearing system.
Stearic acid was significantly reduced in OUT-reared pigs, contributing to the reduction in the sum of SFA (p = .07) when compared to IND-reared pigs. Linoleic and linolenic PUFAs increased in B. femoris from OUT-reared pigs, also affecting the sum of PUFA and the PUFA to SFA ratio. This increase in the proportion of PUFA could lead to a higher susceptibility of polar lipids to undergo oxidative reactions (Andrés et al., 2001; Cava, Ruiz, Ventanas, & Antequera, 1999) .
However, OUT-reared pigs had access to grass, an important source of α-and γ-tocopherols. An increase in the deposition of these compounds in cellular membranes could prevent excessive lipid oxidation and development of thiobarbituric acid-reactive substances during meat storage, as observed in Iberian pigs fed with acorns, pasture and mixed diets enriched in tocopherols (Andrés et al., 2001; Ventanas et al., 2008) . As to n6 to n3 ratio, it was lower in OUT-than in INDreared pigs. This is in accordance with the consumption of a linolenicrich feed (natural pastures) by these pigs and previous studies have shown a positive influence of rearing Iberian pigs outdoors on the linolenic content of polar FA (Andrés et al., 2001; Muriel et al., 2002) .
However, as observed in L. dorsi and Semimembranosus (Martins et al., 2015) , FA profile of polar lipids from B. femoris seemed to be overall more influenced by FA composition of diet than the FA profile from neutral lipids. Similar results were found by Ruiz et al. (1998) , Ventanas et al. (2008) and (Benítez et al., 2015) in Iberian pigs, and could be related to the shorter turnover rate of polar lipids when compared to triacylglycerols (Hellerstein, Neese, & Schwarz, 1993) .
With access to the pasture regrowth at the end of trial, OUT-reared pigs were more directly influenced in their polar lipids FA composition by natural pastures consumed a short time before analysis.
Experimental diets also affected polar FA composition in B. femoris, leading to a decrease in SFA, an increase in MUFA and a decrease in PUFA from HO-when compared to LO-fed pigs. This decrease in PUFA is important, since these FA content largely determine the susceptibility of muscle foods to suffer oxidative reactions during processing or storage (Cava et al., 1999) . Overall, these results agree with those observed in L. dorsi and Semimembranosus (Martins et al., 2015) , and suggest that dietary MUFA enrichment can alter the FA composition of structural lipids (López-Bote, Isabel, & Daza, 2002; Rey et al., 2001 ).
Neutral FA proportion in DSFo layer was affected by rearing system and diets. Rearing system increased palmitic, linoleic and linolenic acids, but decreased palmitoleic and oleic acids in OUT-when compared to IND-reared pigs. However, due to an interaction between rearing system and diet, palmitic acid increase was only significant in OUT-reared LO-fed, and palmitoleic acid decrease in OUT-reared HO-fed pigs. Palmitoleic and oleic acid decreases in DSFo layer of OUT-reared pigs could be related to the physical activity of these animals, since MUFAs are preferred as fuel for exercise over SFAs, namely stearic acid (Bruininx et al., 2011; Leyton, Drury, & Crawford, 1987) . Oleic acid is preferentially incorporated into triglycerides which are a ready source of energy, and this probably explains the relatively high oxidation rate for this fatty acid (Leyton et al., 1987) .
Overall, these changes did not affect SFA, but decreased MUFA and increased PUFA proportions. As previously mentioned, linoleic acid diet supply affects its content on fat tissues in pigs (reviewed by Wood et al., 2008) and contrary to what was observed in B. femoris IMF, this FA detected in pasture, increased in DSFo layer from OUT-reared pigs. Therefore, linoleic acid content of neutral lipids seems to be influenced by other factors, such as the tissue studied.
Conversely, the consumption of linolenic-rich feed (natural pastures) led to a significant increase in this FA content in DSFo layer, as observed in B. femoris tissues of OUT-reared pigs. This change was also observed in Iberian pigs (Daza, Ruiz-Carrascal, Olivares, Menoyo, & Lopez-Bote, 2007; Rey et al., 2006 ) and led to a significant reduction in n6 to n3 ratio. Nevertheless, saturation index slightly increased (p = .07) in OUT-reared pigs, most probably due to the reduction observed in the MUFA content of DSFo layer. Neutral FA proportion of this tissue was also significantly affected by experimental diets.
HO-fed pigs also presented significantly lower contents of palmitic, palmitoleic and stearic acids, and higher contents of oleic and linoleic acids when compared to LO-fed ones. These individual changes led to a reduction in SFA and an increase in MUFA and PUFA proportions, generally reflecting the FA composition of the diets, as previously observed in commercial (Duran-Montgé et al., 2008; Miller et al., 1990; St. John et al., 1987) and Iberian pigs (Óvilo et al., 2014; Rey et al., 2006; Ventanas et al., 2008) . When compared to the ones observed in B. femoris, oleic acid increase in DSFo layer was higher (1.8 vs. 9.1% respectively) although still not reflecting the ~200%
higher oleic acid content in HO diet. The effect of experimental diet was more noticeable than the one of rearing system in saturation, atherogenic and thrombogenic indexes. Feeding an HO diet to pigs led to a reduction of the saturation index, due to the observed reduction in SFA and increase in MUFA and PUFA contents of DSFo layer.
A reduction of the atherogenic and thrombogenic indexes from DSFo layer of HO-fed pigs was also observed. These indexes were lower than the values observed by Ulbricht and Southgate (1991) in fat, generally from 0.5 to 1.0 and 1.58 to 1.66, respectively. The results obtained suggest that oleic acid supplementation reduces the proatherogenic and pro-thrombogenic FA, which is of interest from the consumer's health point of view (Ulbricht & Southgate, 1991) . The reduction of palmitic acid observed in HO-fed pigs may be as important as the increase in the level of oleic acid in the reduction of cholesterol level in human serum (Miller et al., 1990; Temme, Mensink, & Hornstra, 1996) and the resultant decreased incidence of coronary heart disease (Miller et al., 1990) . Finally, as previously observed by Duran-Montgé et al. (2008) , Ventanas et al. (2008) and (Óvilo et al., 2014) , neutral SFA as well as MUFA and PUFA in DSFo layer were more sensitive to dietary modifications than intramuscular neutral FA proportions, suggesting different patterns in dietary FA deposition between these tissues. In fact, IMF is the last fat depot to develop, and it may respond to dietary manipulations in a different manner when compared to other adipose tissue depots (Dannenberger et al., 2014; Doran et al., 2006) .
Neutral FA proportion in DSFi layer was affected by rearing system and diets, following the same major tendencies observed in DSFo layer. SFA was not affected while MUFA was slightly reduced (p = .06) and PUFA increased in OUT-reared when compared to IND-reared pigs. However, saturation and atherogenic indexes were not influenced by rearing system, while thrombogenic index was slightly reduced (p = .08) in OUT-reared pigs. HO-fed pigs, when compared to LO-fed ones, presented a lower proportion of SFA and higher proportions of MUFA and PUFA, besides lower saturation, atherogenic and thrombogenic indexes in DSFi layer, as observed in DSFo layer. Finally, when compared to the outer layer, DSFi layer presented a profile more rich in SFA (33.4 vs. 36.4 g/100 g respectively) and with lower MUFA (55.5 vs. 53.5 g/100 g) and PUFA (11.2 vs. 10.1 g/100 g) proportions,
as previously observed by López-Bote et al. (2002) and Daza, Rey, Isabel, and Lopez-Bote (2005) .
Both this work and the one previously published (Martins et al., 2015) showed that free rearing consistently reduces the n6 to n3 ratio in pork and fat tissues, a known prime risk factor for coronary heart diseases. The seasonal consumption of grass by free reared pigs can also increase antioxidant content and influence the FA profile of muscles, and the subsequent quality of pork products (López-Bote, 1998) . Therefore, the decrease in n6 to n3 ratio, together with the high MUFA levels of neutral lipids observed in AL pigs, could be considered a beneficial effect of feeding the animals on pasture, and support the "healthy" image of "organic" pork (Muriel et al., 2002) . One of the main reasons for the high quality of meat products from AL/Iberian pigs is their high oleic acid content (Cava et al., 1999) . Diets enriched on this MUFA appear to be a successful strategy to increase the monounsaturated profile of pork and fat tissues although more efficiently in the latter ones. Since MUFAs depress low-density lipoproteins (LDL)-cholesterol without modifying high-density lipoproteins (HDL)-cholesterol levels (Daumerie, Woollett, & Dietschy, 1992) , this high proportion of oleic acid could help reducing cholesterol levels in pigs.
This long-term study shows that both feeding and rearing system influence in a complementary way the nutritional quality and healthiness of meat and fat tissues. On a molecular level, both treatments affected lipogenic involved genes in B. femoris tissues, while lipolytic involved ones were only significantly influenced by rearing system. Interestingly, the HO diet effect, associated or not to the OUT rearing effect, led to a neutral lipid profile in B. femoris and DSFo layer of IND-HO and OUT-HO pigs comparable to the one required in valued high-quality carcasses from "bellota" pigs, reared outdoors and finished on oak woodland pasture (BOE 2007; and Daza & López-Bote, 2007) .
